Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 

k.. 

■■(. EUROPEAN PATENT APPLICATION 



© Publication number: 0 618 624 A2 



© Application number: 
© Date of filing: 2a03.94 



© int.Cl.*:H01L 33/00 



® Priority: 29.03.93 JP 69938/93 


© Applicant: CANON KABUSHIKI KAISHA 


18.03.94 JP 49022/94 


30-2, 3-chome, Shlmomaruko, 


© Date of publication of application: 


Ohta-ku 
Tokyo (JP) 


05.10.94 Bulletin 94/40 






© Inventor: Kumomi, Hldeya, do Canon 


© Designated Contracting Stales: 


Kabushikl Kalsha 


AT BE CH OE DK ES FR QB GR IE IT LI LU MC 


30-2, 3-chome, 


NLPTSE 


Shlmomaruko, 




Ohta-ku 




Tokyo 146 (JP) 




Inventor: Yonehara, Takao, c/o Canon 
Kabushikl Kalsha 




30-2, 3-chome, 
Shlmomaruko, 




Ohta-ku 
Tokyo 146 (JP) 




© Representative: Tiedtke, Harro, DIpL-lng. 




Patentanwaltsburo 




Tiedtke-Buhllng-Klnne & Partner 




Bavariaring 4 




D-80336 Miinchen (DE) 



) Light emitting device and method of manufacturing the same. 



© A light emitting device comprises a luminous 
region comprising a luminous porous material com- 
prising a crystalline semiconductor and a non-porous 
region adjacent to the luminous region, 
Cjj wherein a conductive type between both the 
^ regions is diflerent at an interface between the lu- 
^j- minous region and the non-porous region and the 
tVI crystal structure between both the regions is con- 



FIG. 1 
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BACKGROUND OF THE INVENTION 
Field ol the Inven tion ' 

~T I,. 

The present invention relates to a light emitting 
device and a light Emitting device manufacturing 



Related Background Art 

Recently, porous materials have been remark- 
able as a new functional material used for an active 
structure factor in a device. The porous structure of 
IV-group semiconductor crystal, for example, has 
been chiefly used for the conventional SOI (Silicon 
On Insulator) structure forming process {refer to T. 
Unagami and M. Seki. J. Electrochem. Soc. 125, 
1339 (1978)) because of its rapid oxidation capabil- 
ity. In this case, raw material has been used only 
as a structural material, in no connection with its 
electronic and optical properties. However, recent- 
ly, a research and development has been vigor- 
ously made as for an application to light emitting 
devices which originates from a luminous phenom- 
enon at room temperatures and with high efficiency 
(refer to L. T. Canham, Appl. Phys. Lett. 56. 1046 
(1990)) because of the luminous phenomenon at 
low temperature (refer to C. Pickering, et al., J 
Phys. C17, 6535 (1984)) due to a micro-structure 
with a desirable carrier quantum closing effect. 
Generally, the porous structure itself can be easily 
shaped by processing a raw material. If some 
problems are overcome to put into a practice use. 
applying functionally such porous materials may 
provide a very attractive new technology. 

One largest obstacle which impedes putting 
the porous material to practical use is that it is 
difficult to inject current to the porous region. An 
active light emitting device must function as an 
electroluminescence (EL) device. In order to realize 
an EL device with higher efficiency, it is desirable 
to use a current injection-type device. It has been 
so far reported that a light emitting diode (LED) 
using a solid-state electrode on a current injection 
layer indicates far lower efficiency, in comparison 
with the potential high photoluminescence (PL) effi- 
ciency of the same porous material. For example, a 
naked eye can clearly recognize under an illumina- 
tion in a room that a porous silicon layer which is 
formed by anodizing the surface of a monocrystal- 
line silicon substrate in a hydrofluoric acid solution 
is luminous over visible rays range in response to 
an illumination by a several-watt ultraviolet rays 
lamp so that the PL energy efficiency exceeds 
several %. However, since the current injection 
which is performed via a Schottky junction between 
a semi-transparent gold electrode . and the same 
porous layer has less than a quantum efficiency of 



10 3 % (refer to N. Koshida, et al., Appl. Phys 
Lett. 60, 347 (1992)). a very high applied voltage of 
several hundred volts is needed to recognize a 
feeble luminescence with a naked eye in a dark 
5 place (refer to A. Richter. et al., IEEE Electron 
Device Lett. 12, 691 (1991)). An remarkable im- 
provement is not seen in the LED including a 
conductive transparent electrode (refer to F. 
Namavar, et al., Appl. Phys. Lett 60. 2514 (1992)) 
io of an injection electrode of indium tin oxide, an n- 
type micro-crystalline silicon carbide film (uc-SiC) 
(refer to T. Futagi, et al., Jpn. J. Appl. Phys. 31, 
L616 (1992)), and a pn-heterojunction, in order to 
overcome such a situation. In the example where 
rs an n-type gallium phosphorus (GaP) is used for the 
same purpose, even a current injection has not 
been yet succeeded in an actual case (refer to J. 
C. Campbell, et al., Appl. Phys. 60, 889 (1992)). 
On the other hand, it has been reported that 
20 the current injection in which a porous silicon layer 
is immersed in an electrolytic solution used for an 
anodization to utilize the solid-liquid interface in the 
internal walls in pores of the porous silicon im- 
proves the luminous efficiency, compared with the 
25 above solid-state electrode (refer to A. Halimaoui, 
et al., Appl. Phys. Lett. 59. 304 (1991), P. M. M. C. 
Bressers. et al., Appl., Phys.. Lett, 61, 108(1992), 
E. Bustarret, et al., Appl. Phys. Lett. 61, 1552- 
(1992), L. T. Canham, et al., Appl. Phys. Lett. 61, 
30 2563 (1992). The above method is poor in practical 
use because the porous silicon layer is etched at a 
light emission so that the light emission disappears 
soon. However, it is noted that there is a possibility 
that the current injection efficiency dominates 
35 largely the injection-type EL efficiency of porous 
silicon. From this viewpoint, it is considered that 
the poor interface between the electrode and the 
luminous porous silicon layer impedes the current 
injection, thus causing the poor emitting efficiency 
to of the solid-state injection electrode type LED. 
Therefore, it is desirable to introduce a new injec- 
tion electrode material with good interface property 
over the above helerojunction example. 

<s SUMMARY OF THE INVENTION 

In order to overcome the above mentioned 
technical problems, an object of the present inven- 
tion is to provide a light emitting device which has 

so a reduced contact resistance between its electrode 
and its luminous region. 

Another object of the present invention is to 
provide a light emitting device which can perform a 
current injection with high efficiency. 

55 Further another object of the present invention 

is to provide a light emitting device having an 
excellent luminous efficiency. 
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Still further object of the present invention is to 
provide a light emitting device which has a non- 
porous region adjacent to a luminous region which 
comprises a luminofo porous material comprising a 
crystalline semiconductor wherein the luminous re- s 
gion and the non"p«rous region have a different 
conductivity type to ' each other at the interface 
thereof and the crystal structure between both the 
regions is continuous. These and other objects of 
the present invention will become apparent from 10 
the following drawings and detailed description tak- 
en in connection with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing a struc- 
tural embodiment of the light emitting device 
according to the present invention: 
Figs. 2A to 2D are schematic diagrams each 
showing an embodiment of the light emitting 10 
device according to the present invention; 
Figs. 3A to 3D are schematic diagrams each 
showing an embodiment of the light emitting 
device according to the present invention; 
Figs. 4A to 4C are schematic diagrams showing 25 
an embodiment of a light emitting device manu- 
facturing process according to the present in- 
vention; 

Figs. 5A to 5C are schematic diagrams showing 

an embodiment of a light emitting device manu- 30 

facturing process according to the present in- 

Fig. 6 is a schematic diagram showing an em- 
bodiment of a light emitting device manufactur- 
ing process according to the present invention; as 
Fig. 7 is a schematic diagram showing an em- 
bodiment of a light emitting device manufactur- 
ing process according to the present invention; 
Figs. 8A to 8C are schematic diagrams showing 
an embodiment of a light emitting device manu- to 
facturing process according to the present in- 
vention; 

Figs. 9A to 9C are schematic diagrams showing 
an embodiment of a light emitting device manu- 
facturing process according to the present in- 45 

Figs. 10A to 10D are schematic diagrams show- 
ing an embodiment of a light emitting device 
manufacturing process according to the present 
invention; 50 
Fig. 11 is a schematic diagram showing an 
embodiment of a light emitting device manufac- 
turing process according to the present inven- 

Figs. 12A to 12D are schematic diagrams show- 55 
ing an embodiment of a light emitting device 
manufacturing process according to the present 



Fig. 13 is a schematic diagram showing an 
embodiment of a light emitting device manufac- 
turing process according to the present inven- 
tion; 

Figs. 14A to 14F are schematic diagrams show- 
ing an embodiment of a light emitting device 
manufacturing process according to the present 
invention; 

Figs. 15A to 15D are schematic diagrams show- 
ing an embodiment of a light emitting device 
manufacturing process according to tee present 
invention: 

Figs. 16A to 16E are schematic diagrams show- 
ing an embodiment of a light emitting device 
manufacturing process according to the present 
invention; and 

Figs. 17A to 17D are model diagrams showing 
an embodiment of a light emitting device manu- 
facturing process according to the present in- 

OETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention results from that the 
present inventors have zealously studied to over- 
come the above problems. 

The light emitting device according to the 
present invention is characterized by a luminous 
region which comprises a luminous porous material 
comprising a crystalline semiconductor and a non- 
porous region adjacent to the luminous region 
wherein the luminous region and the non-porous 
region have a different conductive type to each 
other at the interface thereof and the crystal struc- 
ture between both the regions is continuous. 

The first preferred embodiment of the present 
invention is a method of manufacturing a light 
emitting device which is characterized by the steps 
of forming a member having a non-porous crystal 
region and a porous crystal region of a conductivity 
type different from that of the non-porous crystal 
region, so as to continue crystal structure of a 
crystal region of the porous crystal region and a 
crystal structure of the non-porous crystal region; 
and forming a luminous region in the porous crystal 

The second preferred embodiment of the 
present invention is a method of manufacturing a 
light emitting device which is characterized by the 
steps of forming a member having a non-porous 
crystal region and a porous crystal region so as to 
continue a crystal structure of the porous crystal 
region , and a crystal structure of the non-porous 
crystal region; making a conductive type of the 
porous crystal region different from that of the non- 
porous crystal region; and forming a luminous re- 
gion in the porous crystal region. 
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According to the present invention, the light 
emitting device has an element structure where 
non-porous region with a continuous crystal struc- 
ture is arranged to,^ adjacent to a luminous 
region comprising a porous material and the non- 
porous region acting"afcj an electrode for injecting 
current to the luminous 'region, so that the perfect 
bonding between the electrode and the luminous 
region can reduce its contact resistance. The cur- 
rent can be injected from the junction region with 
high efficiency by making the conductivity type of 
the non-porous region different from that of the 
luminous region. As a result, a light emitting device 
can be provided which has a good luminous effi- 
ciency and is practical as an entire element. 

An explanation will be made below in detail as 
for the light emitting device and the light emitting 
device manufacturing ^method according to the 
present invention, with reference to the drawings. 

Fig. '1 is a schematic cross sectional view 
showing the most conceptual element structure of 
an light emitting device according to the present 
invention. The light emitting device has a structure 
where the luminous region 2 comprising a lumi- 
nous porous material is sandwiched between the 
current injection electrode regions 1, 3. The injec- 
tion electrode region 1 is formed of a non-porous 
material with a low resistance which is same as the 
mother material for the luminous region 2. The 
interface 4 between both the regions has a continu- 
ous crystal structure. Both the regions have a dif- 
ferent conductive type from each other, and homo- 
geneous pn-type junction is formed there. The in- 
jection electrode region 3 does not depend on its 
structure if it is of a low resistance. The injection 
electrode region 3 has the same conductive type 
as that of the luminous region 2. The interface 
between both the regions has a continuous crystal 
structure. When a DC current is conducted be- 
tween the injection electrode regions 1 and 3 via 
the extracting electrode 5 and 5' connected to the 
device, electric charges are injected from the 
homogeneous pn-junction interface 4 to the lu- 
minous region 2 so that light emission occurs. 
When the extracting electrode 5' is directly bonded 
to the light emitting region 2 with a low contact 
resistance, the injection electrode region 3 can be 
omitted. 

The point of the present invention will be de- 
scribed by studying how the interface property 
affects the current injection efficiency of the entire 
element. First, (1) the good ohmic contact between 
the extracting metal contact 5 and the injection 
electrode region 1 is confirmed because the injec- 
tion electrode region t is formed of a non-porous 
material with low resistance. (2) A good homo- 
geneous pn-junction can be formed because the 
crystal structure continues at the junction interface 



4 between the injection electrode region 1 and the 
luminous region 2 of the same material and along 
both the regions sharing a common mother ma- 
terial. As described in Related Background Art, the 

s interface characteristics dominate current injection 
efficiency and the luminous efficiency of the ele- 
ment. Hence, the light emitting device according to 
the present invention has a high efficiency by for- 
ming an injection electrode region which is in "non- 

ro porous structure", which has "a crystal structure" 
continuous to the luminous region 2. and which is 
of "the same material" and of "heterojunction- 
type". Moreover, when the injection electrode re- 
gion 3 is provided, (3) the contact between the 

>5 luminous region 2 and the injection electrode re- 
gion 3 is no matter because of "continuity of cry- 
stal structure", and (4) it is expected that the good 
ohmic contact between the injection electrode re- 
gion 3 and the extracting electrode 5' results from 

20 the low resistivity of the injection electrode region 
3. 

It is not necessarily needed that the luminous 
region 2 is made ot an uniform luminous porous 
material along the whole region. The luminous re- 
?5 gion may be formed of plural porous or non-porous 
regions of different structure. It is required that at 
least one of the regions must be a luminous ma- 
terial. Therefore, if other regions are offered as 
other uses except the luminous function, both the 
30 device characteristics and the device manufactur- 
ing method may be convenient in some cases. For 
example, the vicinity of the interface of the injection 
electrode region 1 is made non-porous or non- 
luminous porous material having relatively large 
35 residual structure, whereby the pn-junction can fur- 
ther be improved at the interface 4. Of the light 
emitting device manufacturing methods according 
to the present invention (to be described later), the 
method which uses an epitaxial growth can further 
<o improve the epitaxial interface and the film quality 
of an epitaxial layer. 

In the porous material existing in the light emit- 
ting region 2, the structure is formed of the same 
mother material as the injection electrode region 1 
<5 or 3. whereby it is not important that a hetero- 
material may be formed on the surfaces facing 
pores in the residual structure. Moreover, all 
spaces in a pore may be filled with a hetero- 
material. Generally, in some cases, the mechanical 
so and thermal stability is not enough because the 
luminous porous material has a very fine residual 
structure. Hence, in some cases, an effective re- 
inforcement may be made using the above hetero- 
material. 

55 Figs. 2A to 2D illustrate a spacial arrangement 

of a luminous region comprising a non-porous re- 
gion and a luminous porous material as a more 
concrete embodiment of a light emitting device 



r- 

7 E 



according to the present invention. 

Figs. 2A to 2D show an example where a 
current route is vertically formed on the surface of 
a monocrystalline substrate in a wafer form. In the 
most simplified device structure, shown in Fig. 2A, 
a pn-junction is •tOrJjied between the non-porous 
layer 1 of a first conductive type and the luminous 
porous layer 2 of a second conductive type, with a 
continuous crystal structure in the pn-junction. The 
extracting electrodes 5 and 5' are provided on the 
ends of the element structure, respectively. Like 
numerals represents regions corresponding to 
those in Fig. 1. Depending on the interface char- 
acteristics, the intermediate layer 2' can be ar- 
ranged between the nonporous layer 1 and the 
luminous porous layer 2 (Fig. 2B). This example 
shows that the luminous region 2 includes an re- 
gion other than the Juminous porous region in the 
structure shown in Fig. 1. That is, the intermediate 
layer 2' includes the luminous region 2 shown in 
Fig. 1 . The intermediate region 2' may be formed 
of, for example, a non-luminous porous material or 
a non-porous material including monocrystal. How- 
ever, the conductive type of the intermediate 2' 
should be same as that of the luminous porous 
layer 2, and the layers on the front and back of the 
intermediate layer 2' should be continued in crystal 
structure. However, it is not necessarily needed 
that the interface between the intermediate layer 2' 
and other layer in the luminous region 2 is sharp, 
but it may be varied restrictively and continuously. 
Depending on the characteristics of the interface 
between the extracting electrode 5' and the lu- 
minous porous layer 2, additional injection elec- 
trode layer 3 may be provided (Fig. 2C). This is an 
example showing the injection electrode 3 which is 
provided in the device structure shown in Fig. 1. 
The injection electrode layer 3 is formed of, for 
example, a non-luminous porous material or non- 
porous material including monocrystal. However, 
the conductive type of the injection electrode layer 
3 should be same as the luminous non-porous 
layer 2. The crystal structure between the injection 
electrode layer 3 and the luminous non-porous 
electrode layer 2 should be continued in crystal 
structure. However, the interface is not necessarily 
needed to be sharp, but may restrictively and con- 
tinuously vary. Fig. 2D illustrates an example in 
which the intermediate layer 2' serving also as the 
injection electrode layer 3. 

Figs. 3A to 30 are an embodiment showing 
that an electrode route is formed in a direction 
parallel to a surface of noncrystal film provided on 
the insulating surface of, for example, the substrate 
in wafer form 0. Each structural element and its 
function correspond to those shown in Figs. 2A to 
2D. The extracting electrodes 5 and 5' are in 
contact with the film surface. However, the geomet- 
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ric arrangement should not be limited to the 
present example. 

Next, as lor the light emitting device manufac- 
turing method according to the present invention, 

s the device of an embodiment shown in Figs. 2A to 
20 and 3A to 3D will be explained in accordance 
with a process lot forming a light emitting region 
comprising a luminous porous material and a non- 
porous region each having a different conductive 

io type, so as to form a continuous crystal structure. 

The first method of manufacturing a device 
with the structure shown in Fig. 2A is shown in 
Figs. 4A to 4C. First, a non-porous substrate 1 
having a desired conductive type and a resistance 

)5 is prepared (Fig. 4A). The layer 20. which has a 
conductive type different from that of the substrate 
1 but has the same mother material and has a 
continuous structure at the interface 4, is provided 
on the surface of the substrate 1 (Fig. 4B). In a 

20 concrete method, the layer 20 may be formed by 
epitaxial growth on the surface of the substrate 1 
with impurity elements being introduced to control 
the conductive type, or the layer 20 is internally 
formed from the surface of the substrate 1 by 

is effecting counter-doping by an ion implantation 
from the surface of the substrate 1, a solid-phase 
diflusion trom a deposited, or a diffusion from a 
gas-phase film. Moreover, it is possible to combine 
the above methods. Next, the luminous region 2 

30 comprising a luminous porous material can be 
made by making the layer 20 porous from the 
surface to the interface 4 by using a method of 
converting a non-porous material into a porous 
material, such as anodization or a photo-formation 

35 (Fig. 4C). Next, the extracting electrodes 5 and 5" 
are formed. Finally, a device with the structure 
shown in Fig. 2A can be lormed. Since the pn- 
junction interface 4 has a continuous crystal struc- 
ture before a porous structure formation, the origi- 

«o nal state is maintained even after a final step. 

Next, the second method of manufacturing a 
device with the structure shown in Fig. 2A is shown 
in Figs. 5A to 5C. First, a non-porous substrate 1 
with a desired conductive type and a desired resis- 
ts tance is prepared (Fig. 5A). A porous structure 
formation is effected from the surface of the sub- 
strate 1 lo a desired depth (Fig. 5B). Next, a 
counter doping is carried out from the surface of 
the porous structure formation' layer 20 to make the 

so luminous porous layer 2 having a different conduc- 
tive type from that of the substrate 1 (Fig. 5C). 
Then a device with the structure shown in Fig. 2A 
can be formed by terming the extracting electrodes 
5 and 5". In the same manner as those in Figs. 4A 

55 to 4D. the crystal structure, needless to say. is 
continuous at the pn-junction interface 4. 

Methods of manufacturing the device shown in 
Fig. 2B will be described as follows. The first 
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methods can be performed by slightly modifying 
the methods each which forms the device shown in 
Fig. 2A explained by referring to Figs. 4A to 4C 
and 5A to 5C. First, jn : the step as shown in Fig. 
4B, the intermediate layer 2' is left to a desired 
thickness by terminating porous structure formation 
just before the formation reaches the interface 4 
from the surface of the layer 2 (Fig 6). In the step 
shown in Fig. 4C. a counter doping is effected over 
the surface of the porous structure formation layer 
20 to the non-porous region of the substrate 1 to 
form the intermediate layer 2' having a desired 
thickness (Fig. 7). In either case, the intermediate 
layer 2' is made of a non-porous material of the 
same conductive type as that of the luminous po- 
rous layer 2 and has a continuous crystal structure 
at the pn-junction interface 4 to the substrate 1. 

The second method of manufacturing the de- 
vice shown in Fig. 2B is not applied to the step in 
which a pn-junction is formed by counter-doping 
after the porous structure layer is formed as shown 
in Figs. 5A to 5C. The reason is that the phenom- 
enon is utilized, that both the porous structure 
formation and the porous material structure are 
largely influenced by the composition of non-po- 
rous material, impurity concentration, and other fac- 
tors. For example, in the porous silicon formation 
by anodization, the structure strength increases 
because when a heavy impurity concentration in a 
silicon substrate lowers a resistance, the residual 
structure is large and the porous degree lowers, 
thus suppressing a resistance increase due to po- 
rous material. In this case, a non-luminous porous 
material is formed. In the steps explained with 
reference to Figs. 8A to 8C, a non-luminous porous 
material of low resistance is used as the intermedi- 
ate layer 2' shown in Fig. 2B. First, the non-porous 
substrate 1 having a desired conductive type and a 
resistance is prepared (Fig. 8A). On a surface of 
the substrate, the layer 20', which has conductive 
type different from that of the substrate t but has 
the same mother material and has a continuous 
crystal structure at the interface 4, is provided. 
Further the layer 20, which has the same conduc- 
tive type as that of layer 20" but has a different 
impurity concentration and has a continuous crystal 
structure (Fig. 8B). For example, the impurity con- 
centration of the layer 20' may be set to a higher 
amount than that of the layer 20. The process used 
in the step shown in Fig. 4B can be used in the 
concrete method of manufacturing the layers 20 
and 20'. For example, when a formation is effected 
by epitaxial growth, layer 20 may be deposited 
after a deposition of the layer 20'. In ion implanta- 
tion, multiple step ion-implantation with varying im- 
planting energy conditions or ion species, or an 
ion-implanting profile may be used, whereby the 
spatial transition between the layers 20 and 20' 
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becomes continuous. Next, by making the layers 
20 and 20' porous from the surface to the interface 
4 (Fig. 8C), the luminous region 2 comprising a 
luminous porous material, the layer 20' acting as 
5 the intermediate layer 2", is formed. Then the ex- 
tracting electrodes 5, 5' are formed on the lu- 
minous region 2 to form a light emitting device with 
the structure shown in Fig. 2B. In this case, the 
crystal structure at the pn-junction interlace is con- 

io tinuous. 

Next, the first method of manufacturing a de- 
vice with the structure shown in Fig. 2C is shown in 
Figs. 9A to 9C. First, the non-porous substrate 1 
having a desired conductive type and a resistance 

is is prepared (Fig. 9A). On a surface of the substrate, 
the layer 20. which has a conductive type different 
from that of the substrate 1 but has the same 
mother material and has a continuous crystal struc- 
ture at the interface 4, is provided. Further, the 

20 layer 30. which has the same conductive type as 
that of the layer 20 and has a different impurity 
concentration, is provided (Fig. 9B). For example, 
the impurity concentration of the layer 30 may be 
higher than that of the layer 20. The process used 

25 in the step shown in Fig. 4B can be used as the 
concrete method of manufacturing the layers 20 
and 30. For example, the formation is effected by 
epitaxial growth, the layer 30 is deposited after a 
deposition of the layer 20. In ion implantation, 

30 multiple step ion-implantation with varying implant- 
ing energy conditions or ion species, or an ion- 
implanting profile may be used, whereby the spa- 
tial transition between the layers 20 and 30 be- 
comes continuous. Next, by making the layers 30 

35 and 20 porous from the surface to the interface 4 
(Fig. 9C), both the layers become an injection 
electrode layer 3 of a non-luminous porous material 
and the luminous layer 2 comprising a luminous 
porous material. Then the extracting electrodes 5 

40 and 5' are formed on the luminous layer 2 to form 
a light emitting device with the structure shown in 
Fig. 2B. In this case, the crystal structure at the pn- 
junction interface 4 is continuous. 

The second method of manufacturing a device 

45 with the structure shown in Fig. 2C is shown in 
Figs. 10A to 10D. First, the non-porous substrate 1 
having a desired conductive type and a resistance 
is prepared (Fig. 10A). On a surface of the sub- 
strate, the layer 20, which has a conductive type 

so different from that of the substrate 1 but has the 
same mother material and has a continuous crystal 
structure at the interface 4. is provided (Fig. 10B). 
The concrete method of manufacturing the layer 20 
is the same as the process described above. Next. 

55 the layer 20 is made porous from the surface to the 
interface 4 to form the luminous layer 2 comprising 
a luminous porous material (Fig. IOC). The injec- 
tion electrode layer 3 of a non-porous material is 
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deposited on the surface by epitaxial growth etc. 
(Hg. tOD). Since the injection electrode layer 3 
should be of the same conductive type as that ot 
the light emitting d/^ice 2 and have a low resis- 
tance, the impurities aire introduced at a deposition 
or are doped in a'KtAV step. 

By performing, both the first and second meth- 
ods for forming a device with the structure shown 
in Fig. 2C, it is possible to form the injection 
electrode layer 3 of the plural layers shown in Fig. 
11. In this case, the non-porous injection electrode 
layer 32 may be deposited by epitaxial growth etc. 
on the non-luminous porous injection electrode lay- 
er 31 formed according to the first method. 

In the third method for manufacturing a device 
shown in Fig. 2C, the order of the layer manufac- 
turing steps described above is reversed. The third 
process will be explained below with reference to 
Figs. 12A to 12D. First, the non-porous substrate 0 
having a desired conductive type and a resistance 
is prepared (Fig. 12A). The substrate 0 is made 
porous to a desired depth from the surface thereof 
to form the luminous layer 2 comprising a luminous 
porous material (Fig. 12B). The injection electrode 
layer 1 is deposited by epitaxial growth etc. on the 
surface of the substrate 0 (Fig. 12C). In this case, 
the injection electrode layer 1 should be of a non- 
porous material with a low resistance. The interface 
4 between the injection electrode layer 1 and the 
luminous layer 2 should be a continuous crystal 
structure and the substrate 0 should be different 
from the luminous layer 2 in a conductive type. 
Therefore, it is required that impurities are intro- 
duced at a deposition or are doped in a later step. 
Putting the substrate upside down makes the struc- 
ture shown in Fig. 12D. The pn-junction interface 4 
is formed between the injection electrode layer 1 
finally deposited and the luminous layer 2. The 
injection electrode layer 3 which has the same 
conductivity as that of the luminous layer 2 in the 
substrate 0 left without being made porous is 
formed on the luminous layer 2. The extracting 
electrodes 5 and 5' are formed to obtain a device 
shown in Fig. 2C. 

The device shown in Fig. 2D can be formed by 
combining the method of manufacturing the device 
shown in Fig. 2B and the method of manufacturing 
the device shown in Fig. 2C. For example, referring 
to Fig. 2A, after a layer which is of the same 
conductive type as that of the substrate 0 and has 
a high impurity concentration is formed on the 
surface of the non-porous substrate 0. the process 
goes to the steps shown in Fig. 12B. Thus the high 
impurity concentration layer is converted to the 
intermediate layer 2' of non-luminous porous ma- 
terial so that the structure shown in Fig. 13 is 
obtained and the device shown in Fig. 2D can be 



The method of manufacturing the device group 
shown in Figs. 3A to 3D is the same as that shown 
n Figs. 2A to 2D except that a non-porous film on 
e of a substrate is made po- 
i will be made as for some 
typical torming steps with reference to the device 
structure in Fig. 3D as an example. 

Figs. 14A to 14F show the first method of 
manufacturing the device in Fig. 3D. First, a sub- 
strate on which a non-porous film 20 is formed on 
the insulation surface of the substrate 0 is provided 
(Fig. 14A). Next, using a photolithography process 
and a local doping process such as a focused ion 
beam technique which are conventionally used in 
the semiconductor integrated circuit fabrication, the 
region 10 having a conductive type different from 
that of the non-porous film 20 is formed in the non- 
porous film 20 and the region 30 having the same 
>pe as that of the non-porous film 20 
a high impurity concentration and a 
is formed (Fig. 14B). The take-out 
electrodes 5 and 5' in contact with the regions 10 
and 30, respectively, are formed using the pattern- 
ing technique (Fig. 14C). Furthermore, a protective 
layer 6 is formed over the electrodes 5 and 5' (Fig. 
14D). Since the protective layer 6 protects the 
structure underneath it in the following step when 
the region 20 of the remaining non-porous film is 
subjected to a porous structure forming process, it 
must sufficiently withstand against the porous 
structure forming process. The protective film 6 on 
the left end of the opening is offset from the 
boundary between the regions 10 and 2( 
in the drawing. Next, the region 20 is 
into a porous layer. In the ci 
process is used as a 
forming process, the entire substrate is immersed 
in an electrolytic solution. Current is conducted 
between the take-out electrode 5' and the counter 
electrode 7 (Fig. 14E). In the case of a photo 
formation, the porous structure forming process is 
carried out merely by illuminating uniform rays. In 
the above steps, of the region 20, the region under- 
neath the opening in the protective film 6 is con- 
verted into the luminous region 2 including a lu- 
minous porous material, the offset part is converted 
into the intermediate layer 2', and the regions 10 
and 30 respectively converted into the injection 
electrode regions 1 and 3. the device shown in 
Fig. 3D having a pn-junction at the interface 4 with 
a continuous crystal structure is formed (Fig. 14F). 
If the offset of the protective film 6 at the opening 
is omitted, the device shown in Fig. 3C is formed. 
If formation of the region 30 is omitted, the device 
shown in Fig. 3B is formed. If the offset at the 
opening in the protective film 6 and formation of 
the region 30 are omitted, the device shown in Fig. 
3A is formed. 
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Next, the second method of forming the de- 
vices shown in Fig. 3D will be explained with 
reference to Figs. 15A to 15F. First, a substrate, 
comprising the non-p^-qus film 20 formed on the 
substrate 0 having a insulation surface is provided 
(Ftg. 15A). The entire 1 substrate is immersed in an 
electrolytic solution. Then a photo-formation is car- 
ried out by illuminating a locally focused light 6 
onto the non-porous film 20 to form the luminous 
region 20 including a luminous porous material 
(Fig. 15B). Sequentially, using a local doping tech- 
nique, the region 10 having a conductive type 
different from that of the non-porous film 20 and 
the region 30 having the same conductive type as 
that of the non-porous film 20 and having a high 
impurity concentration and a low resistance are 
formed (Fig. 15C). According to the above steps, 
the structure shown in Fig. 3D, which includes the 
regions 10 and 30 respectively converted into the 
injection electrode regions 1 and 3 as well as the 
region remaining between the region 10 and the 
luminous region 2 converted into the intermediate 
layer 2', is formed (Fig. 15D). The devices shown 
in Figs. 3A to 3C can be formed by changing the 
spatial position of the region 10. or omitting some 
steps. 

[Examples) 

A detailed explanation will be made below as 
for the examples of a light emitting device and a 
light emitting device manufacturing method accord- 
ing to the present invention with reference to exam- 
ples using a silicon crystalline material. 

(Example 1) 

The example of a light emitting device having 
the structure shown in Fig. 2A shown with the 
forming steps in Figs. 4A to 4C will be explained 

First, a phosphorus-doped n-type silicon mon- 
ocrystalline wafer which has a face orientation of 
(100) and a resistivity of 0.02 f)«cm is prepared. 
On the surface of the wafer, a p-type monocrystal- 
line silicon layer of a thickness of about 1 urn was 
epitaxially grown using a CVD process simulta- 
neously using dichlorosilane gas and diborane gas. 
Aluminum of a film thickness of 2000A was vapor- 
deposited on the back surface of the wafer to 
ensure perfect ohmic contact 

Next, only the wafer surface was contacted 
with a hydrofluoric acid ethanol solution of 20 wt% 
so as to face a platinum plane electrode. While the 
wafer surface was illuminated with a 1 kW halogen 
lamp, a DC voltage was applied between the wafer 
acting as an anode electrode and the platinum 
electrode. An anodization was performed for two 



minutes while maintaining the current density on 
the wafer surface to 10 mA»cm _ '. When the cross 
section of a sample particularly prepared to confirm 
the porous structure formation was observed under 

5 an electron microscope with a high resolving pow- 
er, it was confirmed that the anodization advanced 
just to a depth of 1 urn from the wafer surface to 
form a porous layer and the residual structure of 
the porous layer was perfectly continued to the 

io crystal structure of the substrate. This means that 
the entire p-type epitaxially grown Si layer was 
converted into a porous layer. Illuminating the sur- 
face of the porous layer with a 5 watt ultraviolet 
lamp gave a red PL. Since the luminous porous 

is layer had a very fine and brittle structure, only the 
surface of the residual structure was oxidized by a 
RTO (Rapid Thermal Oxidation) process to stabilize 
it. By this process, the PL emission peak was 
somewhat blue-shifted and the strength was in- 

20 creased about five times. 

After it was confirmed that the porous layer 
oxidized and having an increased PL efficiency was 
sufficiently in a stable state, an S1O2 film of a 
thickness of 2000A was again deposited on the 

zs wafer surface by using the CVD process. Then 
some 2 mm square openings were formed in the 
oxide film by the conventional photolithography 
process. In forming the openings, the oxide film on 
the top surface of the oxidized porous layer as the 

30 underlying layer must also be removed. Before a 
re-formation of a natural oxide film in the opening, 
a semi-transparent gold thin film of a film thickness 
of 100A was deposited thereto. Moreover, an A1 
extracting electrode was wired from the opening. 

35 When a DC current was conducted between 

the contacts on the front and the back surfaces of 
the wafer of the device prepared by the above 
process, a rectification characteristic was indicated 
where the current direction with the front surface 

40 contact side being the positive electrode is the 
forward direction, and a visible area luminescence 
of nearly orange color occurred from the openings 
in the oxide film at a threshold voltage of about 3 
volts. It is assumed that this luminescence is an 

4S electroluminescence due to a current injection into 
the porous silicon layer with an ultra-fine structure 
via the junction interface between the n-type mon- 
ocrystalline layer ol the substrate and the p-type 
porous layer just thereon. It is' assumed that the 

so reason for the luminous threshold voltage is prac- 
tically and sufficiently low is that the continuous 
crystal structure in the pn-junction interface pro- 
vides good rectification characteristic whereby the 
current injection efficiency is higher than that of a 

55 conventional structure. 
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(Example 2) 

An explanation 'will be made as for an example 
of a light emitting ( device with the structure shown 
in Rg. 2B manufactured in the forming steps 
shown in Fig. 6. 

A device was prepared by repeating the device 
preparation steps of Example 1 with the exception 
that the anodization time in was reduced by 1.5 
seconds. When the cross section of a sample 
particularly prepared to confirm the porous struc- 
ture formation was observed under an electron 
microscope with a high resolving power, it was 
confirmed that the anodization advances from the 
wafer surface up to about 0.9 urn depth to form a 
porous layer, and that the lattice image was per- 
fectly in a continuous state but a monocrystalline 
intermediate layer about 0.1 urn thick was formed 
between a contrast producing surface which ap- 
peared to be an epitaxial interface and a porous 
layer. 

When a DC voltage was applied between the 
contacts on the front and back surfaces ol a wafer, 
the device showed a rectification ratio which is 
higher by nearly one order than that of the device 
of Example 1. The threshold voltage increased 
slightly to about 3.5 volts but a luminous efficiency 
was obtained which was several times stronger 
than that of the device of Example 1. It is pre- 
sumed that the improved rectification characteristic 
results from that the front and back portions of the 
pn-junction are formed of a perfect monocrystal. 
This improves the efficiency of current injection 
into the luminous porous layer, thus increasing the 
luminous efficiency. 

(Example 3) 

An explanation will be made as for an example 
of a light emitting device having the structure 
shown in Fig. 2B manufactured in the steps shown 
in Figs. 8A to 8C. 

A device was prepared by repeating the device 
preparation steps of Example 1 with the exception 
that the step of growing a p-type epitaxial layer on 
an n-type monocrystalline substrate was divided 
into two steps. The two steps for forming a p-type 
layer comprised depositing a heavily doped layer 
about 0.2 urn thick with the partial pressure of 
diborane gas increased ten times and then reduc- 
ing the diborane gas partial pressure to the original 
pressure to grow a lightly doped layer about 0.2 
urn thick. 

The observation of the cross section of a sam- 
ple found that the anodization proceeds from the 
wafer surface to about 1 urn depth to form a 
porous layer. However, according to a further detail 
observation, it was confirmed that a porous material 



having ultra-fine pores was formed to a depth of 
about 0.8 urn Irom the wafer surface and the layer 
of a thickness of about 0.2 urn under the ultra-fine 
porous material was formed of a porous material of 

s large pores having an average structure larger by 
about two figures in structure. 

Conducting a DC current between the elec- 
trodes on the front and back surfaces of the wafer 
found that the device had the intermediate char- 

ro acteristic between the devices according to Exam- 
ple 1 and 2 in items . including the rectification 
characteristics, luminous threshold voltage and lu- 
minous efficiency. In this case, it is presumed that 
the porous layer with large pores functions as an 

is intermediate layer. 

(Example 4) 

An explanation will be made as for an example 
20 of a light emitting device having the structure 
shown in Fig. 2A manufactured in the steps in Figs. 
5A to 5C. 

First, a boron-doped p-type silicon mon- 
ocrystalline wafer having a face orientation of (100) 

25 and a resistivity of 10 o-cm was prepared. Boron 
ions were accelerated at 50 keV to be implanted 
into the back surface of the wafer with a dose of 5 
x 10" cm" 2 . Then the wafer was subjected to a 
thermal annealing at 950 • C for 30 minutes in nitro- 

30 gen atmosphere to be activated. 

Next, the substrate was arranged between a 
pair of parallel platinum plane electrodes and im- 
mersed in a hydrofluoric acid-ethanol solution of a 
concentration of 25 wt%. Anodization was per- 

35 formed by applying a DC voltage between one 
platinum electrode acting as an anode electrode 
facing the back surface of the wafer and the other 
platinum electrode for one minute, with the region 
other than the wafer surface being electrically in- 

40 sulated, while the current density on the wafer 
surface was controlled to 10 mA-cm -2 . Then, the 
wafer was left lor 10 minutes under a lighting in a 
room, with the active circuit electrically short-cir- 
cuited. When the cross section of an observation 

45 sample prepared particularly to check the porous 
forming process was observed under a high resolu- 
tion electron microscope, it was confirmed that the 
anodization advanced from the surface of the wafer 
just to 0.5 urn deep to form a porous layer. When 

so the surface of the porous layer were irradiated with 
a 5-watt ultraviolet ray lamp, a PL in red occurs. 

Next, hydrogen ions accelerated at 30 keV 
were implanted into the surface of the wafer with a 
dose of 1 x 10' 5 cm" 2 and subjected to RTO to 

55 effect activation and porous structure stabilization. 
The PL luminous peak was somewhat blue-shifted 
and increased in intensity. 
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layer was removed 



formed of a perfect monocrystal and that this im- 
proves the efficiency of current injection into the 
luminous porous layer, thus increasing the tumi- 



Before reformation of 3; natural oxide film. ITO was 
vapor-deposited to a triickness of 1500A and then 
patterned in 5 mm square in the fashion of islands. 
An AISi film was deposited on the entire back 
surface of the wafer by sputtering. 

When a DC current was conducted between 
the electrodes on the front and the back surfaces 
of the wafer of the device produced by the above 
steps, a rectification characteristic was indicated, 
where the current with the front surface electrode 
being the positive electrode is the forward direc- 
tion, and a visible area luminescence of nearly 
orange color occurred irom the ITO island portions 
at a threshold voltage of about 5 volts. It is consid- 
ered that the light emission is an elec- 
troluminescence due to a current injection to the 
porous silicon layer with a ultra-fine structure via 
the junction interface between the p-type mon- 
ocrystalline layer of the substrate and the porous 
layer as provided just on the p-type layer and 
changed to n-type by activation of hydrogen ions. It 
is presumed that the luminous threshold voltage 
being low sufficiently for practical use results from 
that the continuous crystal structure in the pn- 
junction interface provides good rectification char- 
acteristic and the current injection efficiency is 
higher than the ct 



(Example 5) 

An explanation will be made as for an example 
of a light emitting device having the structure 
shown in Fig. 2B manufactured in the process 
shown in Fig. 7. 

A device was prepared by following the proce- 
dure of Example 4 with the exception that the 
accelerating energy for the hydrogen ion implanta- 
tion was boosted to 45 keV and the dose amount 
was doubled. Although it is difficult to clearly deter- 
mine by a cross section observation, it is. pre- 
sumed that the n-type region extends to the inside 
of the monocrystalline substrate through the porous 
layer. 

When a DC current was conducted between 
the electrodes on the front and back surfaces of 
the wafer, the device indicated a rectification ratio 
being higher by nearly one order than the device of 
Example 4. The threshold voltage increased slight- 
ly to about 6 volts, but the luminous efficiency as 
obtained was several times stronger than that in 
Example 4. It is presumed that the improved rec- 
tification characteristic results from that the front 
and back regions of the pn-junction interface is 



>e made as for an example 
of a light emitting device having the structure 
shown in Fig. 2C manufactured in the step shown 
in Figs. 9A to 9C. 

A device was prepared by following the proce- 
dure of Example 1 with the exception that after a p- 
type epitaxial layer had been grown on an n-type 
monocrystalline substrate, boron ions were implant- 
ed into the surface thereof at an accelerating volt- 
age of 20 keV with a dose of 5 x 10" cm" 2 and 
the substrate was subjected to thermal annealing in 
a nitrogen atmosphere at 950 *C for 30 minutes to 
be activated. An observation of the cross section of 
a sample found that the anodization advances from 
the wafer surface up to about 1 wn depth to form a 
porous layer. In further detail observation, it was 
recognized that the surface was of a porous layer 
having large pores and a thickness of about 0.05 
urn and the underlying lower porous layer was 
almost of a ultra-fine porous layer. 

When a DC current was conducted between 
the front and the back surfaces of the wafer, both 
the rectification characteristic and the luminous 
threshold voltage were substantially the same as 
those in Example t and the luminous efficiency 
was improved several times that in Example 1. In 
this case, it is considered that since the porous 
layer with large pore structure on the outer surface 
acts as the injection electrode layer 3 shown in Fig. 
2C, the contact resistance with the extracting elec- 
trode is reduced so that the luminous efficiency is 

(Example 7) 

An explanation will be made as for an light 
emitting device with the structure shown in Fig. 2C 
manufactured in the steps in Figs. 10A to 10D. 

A device was prepared by following the proce- 
dure of Example 1 with the exception that the 
following step was added between the RTO treat- 
ment to the porous layer and the CVD-SiOj layer 
deposition step. The added step includes removing 
the oxide film on the top surface of the porous 
layer with the oxidized surface of the residual 
structure, and then epitaxially grown a p-type sili- 
con layer of a 300 A thick by using a bias sputter- 
ing method in which a heavily doped p-type silicon 
target is used. In an observation of the cross sec- 
tion of a sample, innumerable defects including 
twins and dislocations were observed in the epitax- 
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ial silicon layer. However, it was confirmed that the 
crystal structure of the underlying porous layer was 
succeeded as an average structure. 

On conducting a DC current between the front 
and the back surfaces 4 of the wafer, it was indicated 
that the rectification) characteristic and luminous 
threshold voltage of 'the device was substantially 
the same as those in Example 1 and the luminous 
efficiency was improved several times that in Ex- 
ample 1. In this case, it is considered that since the 
epitaxial silicon layer on the surface acts as the 
injection electrode layer 3 shown in Fig. 2C the 
contact resistance with the extracting electrode is 
reduced so that the luminous efficiency is im- 
proved. 

(Example 8) 

An explanation will be made below as for a 
light emitting device with the structure shown in 
Fig. 2C formed in the steps shown in Fig. 11. 

A device was prepared by following the proce- 
dure of Example 6 with the exception that the 
following step was added after the porous layer 
forming step and the RTO treating step. The added 
step is a step of. after an oxide film had been 
removed, epitaxially growing, a p-type silicon layer 
of about 150 A thick by using a bias sputtering 
method where a p-type silicon with a high con- 
centration was used as a target. In an observation 
of the cross section of a sample, an ultra-thin layer 
of about 0.05 urn in depth in the top surface side 
of the porous layer was converted to a porous 
structure with coarse pores. It may be said that the 
epitaxial layer on the porous layer is nearly a 
monocrystal because a defect or the like was not 
found therein. It is considered that the improved 
crystallinity of the epitaxial layer results from that 
the epitaxial growth surface is a porous with coarse 
pores, compared with that in Example 7. 

On conducting a direct current between the 
front and back surfaces of the wafer of the above 
device, the rectification characteristics of the de- 
vice was substantially same as those in Example 6. 
The luminous threshold voltage was slightly in- 
creased, whereby the luminous efficiency was im- 
proved by about 50%. In this case, since the 
epitaxial layer on the top surface as well as the 
underlying porous layer with a coarse structure act 
as the injection electrode layer 3 shown in Fig. 2C, 
it is considered that the contact resistance of the 
take-out electrode is reduced so that the luminous 
efficiency is improved. 

(Example 9) 

The example of the light emitting device with 
the structure shown in Fig. 2C formed in the steps 



shown in Figs. 12A to 12D will be explained below. 

The same steps as in Example 4 was carried 
out in except that after the hydrogen ion implanting 
step, the porous layer was subjected to a RTO 

s treatment. After the oxide film on the top surface of 
the porous layer had been removed, an retype 
silicon layer of about 200 A was epitaxially grown 
by using a bias sputtering method in which a n- 
type silicon with a high concentration was used as 

io a target. In an observation of the cross section of 
an observation sample, some defects including dis- 
locations and twins in the epitaxial silicon layer 
were found. However, it was confirmed that the 
crystal structure was continued from the underlying 

>5 porous layer as a whole. 

After it had been confirmed that the porous 
layer oxidized and with an increased PL efficiency 
is sufficiently stabilized, about 2000A thick SiOj 
film was again deposited on the surface of the 

20 wafer by using a CVD process. Using a conven- 
tional photolithography process, some openings of 
2x2 mm 2 were formed in the oxide film. More- 
over, a semi-transparent gold film of a thickness of 
100A was vapor-deposited in the openings to wire 

25 the take-out electrodes A1 derived from the open- 
ings. 

When a direct current was conducted between 
the electrodes on the back surface of the above 
wafer, the device produced by the above steps 

30 indicated a rectification characteristic in which a 
forward current flows to the surface electrode act- 
ing as a cathode electrode. An area light emission 
of nearly orange visible rays was emitted from the 
openings in the oxide film at a threshold voltage of 

35 about 2 volts. It is considered that this light emis- 
sion is due to an electroluminescence based on a 
current injection to the porous silicon layer with the 
ultra-fine structure via the junction interface be- 
tween the n-type epitaxial crystal layer and the 

•w underlying p-type porous layer. It is presumed that 
the sufficiently low luminous threshold voltage for 
practical use results from that the pn-junction inter- 
face has a continuous crystal structure and a good 
rectification characteristics and therefore the cur- 

« rent injection efficiency is very high. 

(Example 10) 

An explanation will be made as for an example 
so of a light emitting device having the structure 
shown in Fig. 2D produced in the forming steps 
shown in Fig. 13. 

The device was prepared in the same manner 
as in the Example 9 except that before converting 
55 the surface of a p-type monocrystalline substrate 
into a porous structure, boron ions with a dose of 5 
x 10" cm" 2 were implanted to the surface thereof 
at an accelerating voltage of 20 keV. Then the 



21 EP d^P^24 A2 



f 
22 



implanted surface was activated by annealing in a 
nitrogen atmosphere at 950* C for 30 minutes. An 
observation ol the cross section ot a sample found 
that the ultra-thin layej of about 0.05 urn in the top 
surface side of the porous layer was in a porous 
state with bulky structure and that the epitaxial 
layer thereon included nearly no defects, and it can 
be stated that it is nearly a monocrystal. It is 
considered that the epitaxial layer having a crystal- 
linity better than that in the Example 7 results from 
the epitaxially grown surface with bulky porous 
structure. 

On conducting a direct current between the 
electrodes on the front and back surfaces of the 
wafer, the rectification characteristics and luminous 
threshold voltage of the device were substantially 
the same as those in the Example 9 and the 
luminous efficiency was improved several times, 
compared with that in the Example 9. In this case, 
it is considered that the crystallinity of the n-type 
epitaxial silicon layer in the top surface reduced the 
contact resistance of the interface so that the lu- 
minous efficiency was improved. 

(Example 11) 

An explanation will be made as for an Example 
of a light emitting device having the structure 
shown in Fig. 3D explained in the forming steps of 
Figs. 14A to 14F. 

First, a SOI substrate having a boron-doped p- 
type silicon monocrystalline thin film with a face 
orientation of <100> and a thickness of 0.5 urn 
formed on a transparent quartz substrate was pro- 
vided. The SOI substrate was subjected to the 
LOCOS process to form 10 x 10 urn 2 element 
separation regions. The surfaces of the separated 
silicon islands were oxidized to about 500A. Then 
with a stripe of 1.5 um width being left at the 
middle portion of the island, boron ions accelerated 
at 150 keV were implanted with a dose of 2 x 10 15 
cm" 2 into the right region and phosphorus ions 
accelerated at 150 keV were implanted with a dose 
of 3 x 10 15 cm -2 into the left region. The substrate 
was subjected to a thermal annealing in a nitrogen 
atmosphere at 950 • C for 30 minutes to activate it. 
Next, aluminum wirings were formed in contact 
with the right and left ion implanted regions. Par- 
ticularly, the wiring from the boron implanted re- 
gion was wound to the orientation flat of the sub- 
strate. Then a conventional photoresist was coated 
on the surface of the substrate. An opening was 
formed in the non ion-implanted stripe region left at 
the middle area of the silicon island at the surface 
side. The end of the opening at the pn-junction 
side was offset so as to overlap slightly the inner 
side of the stripe region from the junction bound- 
ary. Then the oxide film on the surface in the 



opening was removed. 

The substrate was subjected to an anodizing 
process by immersing in a hydrofluoric actd- 
ethanol solution of a concentration of 25 wt«% 

5 while a direct current was conducted between a 
platinum plate electrode acting as a cathode facing 
the substrate and the aluminum wirings winding to 
the orientation flat of the substrate. The anodizing 
process was completed in 30 seconds while the 

to anodizing current density was controlled at a fixed 
value of about 20 mA-cnr 2 at the photoresist 
opening on the surface of the substrate. Then the 
photoresist was removed from the substrate. A 
SiNx film was deposited on the entire surface of 

is the substrate by using a plasma CVD process. An 
opening was formed at a portion where the alu- 
minum wiring was needed. 

An observation of the cross section of the 
device found that the 1.4 um width stripe region at 

20 the middle portion of the silicon island became a 
porous structure. It is probably seemed that a 
predetermined intermediate layer with a width of 
less than about 0.1 um is formed at the pn-junction 
boundary. 

25 On conducting a direct current between two 
electrodes sandwiching the porous region in the 
device, the device indicated its good rectification 
characteristics. A luminescence was recognized 
from a small applied voltage of about 1 volt. 

(Example 12) 

An explanation will be made below as for an 
Example of a light emitting device having the struc- 

35 ture shown in Fig. 3D produced in accordance with 
the steps in Figs. 5A to 5C. 

First, an SIMOX substrate having a phospho- 
rus-doped n-type silicon monocrystalline thin film 
with a face orientation of <100). a resistivity of 20 

« Q-crn, and a thickness of 0.5 um formed on a 
buried oxide film of 3000 A thick was provided. The 
SIMOX substrate was immersed in a hydrofluoric 
acid solution of a concentration of 49 wt»%. A 
photo-formation was carried out by irradiating a He- 

4S Ne laser beam focused in a rectangular shape of 2 
x 8 um 2 onto a part of the substrate surface for 30 
minutes. Next, the substrate was subjected to the 
RTO process to stabilize the porous region. Ac- 
cording to the same steps as those in the Example 

so 11, an ion implantation was performed to the two 
regions sandwiching the porous region to isolate 
electrically them. The element separation step us- 
ing the LOCOS process activates the implanted 
. ions. In this case, the phosphorus ion-implanted 

55 region was spaced from the porous region by 0.1 
um and the boron ion-implanted region was 
spaced from the porous region by 0.2 um. Thus, 
the horizontal diffusion during an activation anneal- 
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ing was ceased at or just before the boundary ot 
the porous region. An intermediate layer was 
formed between the boron implanted region and 
the porous region, finally, aluminum wirings were 
derived out of both We' ion implanted regions so 
that a device was completely formed. 

On conducting a 'direct current between two 
electrodes sandwiching the porous region in the 
device, it was indicated that this device has good 
rectification characteristics. It was ensured that a 
light emission occurred at a small applied voltage 
of about 1.5 volts. 

(Example 13) 

An explanation will be made below as for an 
example of driving a light emitting device drive by 
an electrical circuit /which is. fabricated on the 
same substrate including the light emitting device 
shown in the Example 11, with relerence to Figs. 
16A to 16E and 17Ato 17D. 

First, a SOI substrate having a boron-doped p- 
type silicon monocrystalline film 200 with a face 
orientation of <100). a resistivity of 10 O-cm, and a 
thickness of 0.5 urn formed on an insulation sur- 
face of a silicon substrate 0 was provided (Fig. 
16A). The substrate was subjected to an element 
isolation by using the LOCOS process to form 
island regions 20 each having an area of 10 x 10 
urn*. A 500A thick oxide film 7 was formed on the 
surface of each isolated silicon island by using a 
thermal oxidizing process (Fig. 16B). Next, a poly- 
crystalline silicon film of 0.5um thick was deposited 
on the surface of the oxide film 7 by using the 
LPCVD process. The polycrystalline silicon Film 
was patterned through a conventional photolithog- 
raphy process so as to leave the 2 urn wide island 
region 8 (Fig. 16C). Then, with the photoresist 
acting as a patterned mask, phosphorus ions with a 
dose of 2 x 10' 5 cm - * accelerated at 180 keV were 
locally implanted to the polycrystalline silicon film 
island region 8 as well as the parts 10 and 10' of 
the silicon monocrystalline film island region 20 at 
the both sides of the region 8. Moreover, boron 
ions with a dose of 1 x 10 ,s cm" 2 accelerated at 
100 keV were implanted to a part 30 of the silicon 
monocrystalline film island region 20 by using the 
above step (Fig. 16D). The impurities were ac- 
tivated by a thermal process at 900 *C for 30 
minutes. The oxide films on the surfaces of the 
regions 30 and 10* were removed, and then alu- 
minum wirings 5 and 5' were taken out of the 
openings (Fig. 16E). Then the silicon oxide film 9 
was deposited on the surface of the resultant sub- 
strate and the aluminum wiring 50 was taken out to 
conduct to the silicon monocrystalline film island 
region 9 (Fig. 17A). Next, the opening 100 was 
formed on a part ol the upper part of the silicon 



monocrystalline film island 20 (Fig. 17B). The sili- 
con nitride film 6 was formed so as to leave an 
opening of 1.5um wide with a slight offset to the 
region 10 (Fig. 17C). Finally, the region 2 opened 
s in the same way as that in the Example 11 was 
converted to a porous layer. 

A light emitting device which includes the re- 
gions 10 and 30 corresponding to the ion-implant- 
ed electrode regions 1 and 3 shown in Fig. 14F. 
ro the region 2 corresponding to the porous region 2 
including a light emitting region, and the offset 
region corresponding to the intermediate region 2' 
was formed according to the above steps (Fig. 
17D). The ion-implanted electrode region 1 acts as 
ts the drain region ot a MOS transistor including the 
region 10' acting as a source part, the region 20 
acting as a channel part, and the polycrystalline 
silicon film island region 9 acting as a gate elec- 
trode. With a voltage of 15 volts applied between 
20 the wirings 5 and 5'. when the gate voltage was 
increased from 0 via the wiring 50, the MOS tran- 
sistor was turned on at a threshold voltage 1.1 
volts. It was confirmed that the porous region in- 
cluding a light emitting region glowed at 1.5 volts 
k and more. The relationship between the luminous 
intensity and gate voltage indicated linear char- 
acteristics over 2 volts. When a rectangular 
waveform of 5 volts was applied to the gate of a 
MOS transistor from a shift register separately 
30 formed on the same substrate, the light emitting 
device can follow even at 20 MHz. 

The following features can be understood from 
the above explanations. 

A light emitting device according to the present 
35 invention has a device constitution comprising a 
non-porous region having a continuous crystal 
structure adjacent to the luminous region including 
a porous material and acting as a current injection 
electrode to the luminous region, whereby the per- 
40 feet adhesive property between the electrode and 
the luminous region reduces the contact resistance. 
By differentiating the conductive types of the non- 
porous region and the luminous region from each 
other, a current injection from the junction portion 
45 could be injected with high efficiency. As a result, a 
light emitting device with excellent luminous effi- 
ciency and for a practical use can be provided as a 
whole device. According to the present invention, 
the light emitting device manufacturing method can 
so provide light emitting devices with good luminous 
efficiency. 

A light emitting device comprises a luminous 
region comprising a luminous porous material com- 
prising a crystalline semiconductor and a non-pc- 
55 tous region adjacent to the luminous region. 

wherein a conductive type between both the 
regions is different at an interlace between the 
luminous region and the non-porous region and the 



crystal structure between both the regions is con- 



lalms 

A light emitting" 'device comprising a luminous 
region comprising a luminous porous material 
comprising a crystalline semiconductor and a 
non-porous region adjacent to the luminous 
region, 

wherein a conductive type between both 
the regions is different at an interface between 
the luminous region and the non-porous region 
and the crystal structure between both the 
regions is continuous. 

A light emitting device according to claim 1. 

3 region having the 
if the luminous 
region is further adjacent to the luminous re- 
gion with a crystal structure being continuous. 

A light emitting device according to claim 1. 
wherein the luminous region comprises a po- 
rous region comprising plural porous layers 
which are different ir 



9. A method of manufacturing a light emitting 
device comprising the steps of: 

forming a member having a non-porous 
crystal region and a porous crystal region, so 
as to continue a crystal structure of the porous 
crystal region and a crystal structure of the 
non-porous crystal region; 

making a conductive type of the porous 
crystal region different from that of the non- 
porous crystal region; and 

forming a luminous region in the porous 
crystal region. 

10. A method of manufacturing a light emitting 
device according to claim 8, wherein the po- 
rous region is formed by anodizing a crystal 
region formed by epitaxial growth. 



A light emitting device according to claim 1, 
wherein the interface between the light emit- 
ting region and the non-porous region com- 



A light emitting device according to claim 1. 
wherein the interface between the luminous 
region and the non-porous region comprises a 



7. A light emitting device according to any one of 
claims 1 to 6. wherein a heterogeneous ma- 
terial is formed on the porous material. 

8. A method of manufacturing a light emitting 
device comprising the steps of: 

forming a member having a non-porous 
crystal region and a porous crystal region hav- 
ing a conductive type different from that of the 
non-porous crystal region, so as to continue a 
crystal structure of the porous crystal region 
and a crystal structure of the non-porous cry- 
stal region; and 

forming a luminous region in the porous 
crystal region. 
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